Dwarf galaxies, as the most numerous type of galaxy, offer the potential to study galaxy formation and evolution in detail in the nearby Universe. Although they seem to be simple systems at first view, they remain poorly understood. In an attempt to alleviate this situation, the MAGPOP EU Research and Training Network embarked on a study of dwarf galaxies named MAGPOP-ITP (Peletier et al. 2007) . In this paper, we present the analysis of a sample of 24 dwarf elliptical galaxies (dEs) in the Virgo Cluster and in the field, using optical long-slit spectroscopy. We examine their stellar populations in combination with their light distribution and environment. We confirm and strengthen previous results that dEs are, on average, younger and more metalpoor than normal elliptical galaxies, and that their [α/Fe] abundance ratios scatter around solar. This is in accordance with the downsizing picture of galaxy formation where mass is the main driver for the star formation history. We also find new correlations between the luminosity-weighted mean age, the large-scale asymmetry, and the projected Virgocentric distance. We find that environment plays an important role in the termination of the star formation activity by ram pressure stripping of the gas in short timescales, and in the transformation of disky dwarfs to more spheroidal objects by harassment over longer timescales. This points towards a continuing infall scenario for the evolution of dEs.
INTRODUCTION
Dwarf galaxies are the lowest mass galaxies in the universe, and are the most common galaxy type. Particularly, dwarf elliptical galaxies 1 (dEs) are the dominant galaxy population in galaxy clusters, and their evolved nature and abundance makes them ideal targets for detailed study Ferguson & Binggeli 1994) . Their properties and evolution also reveal much about galaxy formation in general, and can serve as a test of cosmological models. According to the widely accepted ΛCDM ulations of galaxy formation in a ΛCDM cosmology (De Lucia et al. 2006) . This "downsizing" puts the observational study of dwarf and low-mass galaxies into a new focus. Although some dEs in clusters have old stellar populations, as seen through their globular cluster systems (Beasley et al. 2006; Conselice 2006) , it is clear that not all dwarfs have a single formation event, but appear to form in several star formation episodes.
Detailed study of dwarfs in groups, especially in the Local Group, reveals that most dEs have a broad star formation history, with many appearing to have a star formation burst or event in the past few Gyr (e.g. Mateo 1998; Grebel, Gallagher & Harbeck 2003) . Nearly all of these Local Group dwarfs also have old stellar populations that date back to roughly the time of reionisation. These results, however, are based on the study of resolved stellar populations, and more distant dwarfs cannot be as easily studied. Based on the velocity distribution of the dE population as a whole (Conselice, Gallagher & Wyse 2001) , and on their stellar populations (e.g. Caldwell, Rose & Concannon 2003; Poggianti et al. 2001; Rakos et al. 2001; van Zee, Barton & Skillman 2004) , evidence accumulated to date suggests that dEs in nearby clusters have a mixed origin. Some have properties consistent with an old primordial formation, while others appear to be more recently formed from accreted field galaxies. It is thus becoming clear that dEs are not just small Es with simple, old and metal-poor stellar populations.
An independent test of the star formation history of galaxies comes from their integrated stellar populations and, more specifically, from their [α/Fe] abundance ratios (Worthey, Faber & Gonzalez 1992) . Since α elements, such as Mg, are mainly produced on short timescales by type II supernovae, while most of the Fe is formed later by type Ia supernovae, the observed super-solar [α/Fe] abundance ratios in giant ellipticals (Es) is attributed to short formation timescales. The observed correlation of [α/Fe] abundance ratio and galaxy mass is again a manifestation of the downsizing (Vazdekis, Trujillo & Yamada 2004; Thomas et al. 2005; Nelan et al. 2005) . Gorgas et al. (1997) were the first to recognise that Virgo dEs are consistent with solar [α/Fe] abundance ratios, pointing to a more gradual chemical evolution in low-mass systems. Later studies have confirmed these results and also found that on average, dEs have lower metallicities and younger ages than normal Es (Geha, Guhathakurta & van der Marel 2003; van Zee, Barton & Skillman 2004) .
Scenarios for the formation and evolution of dEs are still actively debated. On the one hand, internal processes play a role, mainly through supernova feedback. On the other hand, because of their low masses, the properties of dwarf galaxies are expected to depend strongly on the environment they reside in. For example, the morphology-density relation, also observed for massive galaxies, is indeed very strong for lowmass galaxies (e.g. Binggeli, Tammann & Sandage 1987) .
Supernova feedback regulates and/or suppresses star formation, eventually leading to gas exhaustion through star formation and/or to gas expulsion through galactic winds (e.g. Davies & Phillipps 1988; Carraro et al. 2001; Dekel & Woo 2003) . Invoking only internal processes can reproduce observed structural and kinematical correlations for dEs ), but of course not the morphology-density relation. In a dense environment a variety of external processes act on galaxies and may even transform late-type galaxies into early-type galaxies. This transformation depends on the environment and involves several mechanisms. For instance, ram-pressure stripping by the hot intracluster medium can deprive a galaxy of its gas (Gunn & Gott 1972) , while harassment by galaxy-galaxy interactions transforms disks into more spheroidal objects (Moore, Lake & Katz 1998) . For an extensive review on these, and other, environmental effects see Boselli & Gavazzi (2006) . Observations of rotation in dEs, and the existence of dEs with residual disk structure, support the idea that some dEs are transformed latetype spiral or dwarf irregular galaxies (Pedraz et al. 2002; Simien & Prugniel 2002; De Rijcke et al. 2003a; Geha, Guhathakurta & van der Marel 2003; van Zee, Skillman & Haynes 2004; Lisker, Grebel & Binggeli 2006) .
Given the importance of dwarf galaxies and the fact that we still do not know what mechanisms play the dominant role in their formation and evolution, the MAGPOP EU Research and Training Network embarked on an observational project to study the star formation history of dwarf galaxies. In the framework of an International Time Programme (ITP) we used a variety of telescopes and instruments at the Roque de los Muchachos Observatory in La Palma to study the structure, dynamics and stellar populations in a large sample of dwarf galaxies ((see Peletier et al. 2007) . In this paper we present the first results of this project, examining the ages, metallicities and abundance ratios of dEs and their relation to their stellar light distribution and environment, using intermediate-resolution optical spectra.
In the next section we describe the sample, the observations and the data reduction. In Section 3, we report the results from our analysis of the indices (3.1), ages, metallicities and abundance ratios (3.2), the stellar light distributions (3.3) and the Virgocentric distance (3.4). We discuss the implications of our results on the formation and evolution scenarios for dEs in Section 4. Finally we summarise our conclusions in Section 5.
SAMPLE, OBSERVATIONS AND DATA REDUCTION

Sample
A detailed description of the sample selection for the MAGPOP-ITP dwarf galaxies will be presented in Peletier et al. (2007) . In summary, the galaxies were selected to have been observed, but not necessarily detected, by GALEX. For the Virgo sample we then selected galaxies with mB > 15, classified as dE or dS0 in the Virgo Cluster Catalogue (VCC: . This yields 43 objects, of which we observed 18, giving preference to those with highest central surface brightness. Therefore, all but two of the observed dEs are nucleated (dE,N; see Table 1 ), i.e. they have an unresolved central light excess .
For the field sample we queried SDSS for nearby dwarf galaxies (0.00125 < z < 0.00625 and −18.5 < M r ′ < −15 mag) 2 . To select quiescent dwarf galaxies, we then applied a colour cut in UV colours (GALEX: FUV − NUV > 0.9), or in optical colours (SDSS: u − g > 1.2) if there where non-detections in the UV. These colour cuts maximise the separation in star-forming and quiescent galaxies in the Virgo sample (see Peletier et al. 2007) . Visual inspection of this selected sample yielded 10 objects. However, from the SDSS spectroscopic data, we found that three of these 10 contain emission lines. Because emission lines are hard to remove accurately from the intermediate-resolution spectra we analyse here, we did not include these galaxies in the sample presented here. One of them (NGC 3073) will be the subject of an extensive analysis based on high-resolution spectroscopy (Toloba et al. 2007 ). We were mostly limited by visibility constraints and observed only 5 field dEs.
Finally, we also observed M 32 to compare to previous studies. In Table 1 , the sample galaxies and some of their properties are listed. In column 1 we give the name of the galaxies, either by their number in the VCC catalogue, or by their GALEX identification number (ID), while in column 2 we give alternative names. Columns 3 and 4 list the galaxy positions. For column 5 we take the morphological type given by NED (for the field dEs) or by VCC (for the Virgo dEs). Column 6 gives, if available, the H-band effective radius in arcseconds, taken from the GOLDMine database (Gavazzi et al. 2003) . Columns 7 lists the distance D to the galaxies. For M 32 we take the distance from the HYPER-LEDA database. (Paturel et al. 2003) . For the field galax-2 The absolute magnitudes were computed using the SDSS radial velocities and assuming a Hubble constant H 0 = 70 km s −1 Mpc −1 .
ies we calculate the distance based on their radial velocity and assuming H0 = 70 km s −1 Mpc −1 . The distances to the Virgo galaxies are estimated using their position in the Virgo Cluster (Gavazzi et al. 1999) . The apparent magnutides BT (column 8) are taken from the HYPERLEDA database, and the absolute blue magnitudes MB (column 9) are computed using the listed distances and apparent magnitudes. Finally, in column 10 we indicate which galaxies have also been observed by Geha, Guhathakurta & van der Marel (2003) (1), and by van Zee, Barton & Skillman (2004) (2).
Observations and data reduction
The observations were carried out on 29-30 December 2005 and 4-6 April 2006 with the 2.5m Nordic Optical Telescope (NOT) using ALFOSC with grism #14 (600 rules mm −1 and blazed at λ = 4288Å) and slit 3 1.2 ′′ . The wavelength coverage is λλ3240 − 6090Å and the resolution is 6.8Å (FWHM), or σinstr = 170 km s −1 around 5200Å. The detector was an E2V Technologies back-illuminated CCD with 2048 × 2048 active + 50 overscan pixels on both sides, with a pixel size of 13.5 µm, and a plate scale of 0.19 ′′ pixel −1 . At the beginning of most of the nights there was thin cirrus, and the seeing varied between 0.8-1.5 ′′ (FWHM). Typical integration times were from one hour, up to 3 hours for the faintest galaxies (see Table 2 ). The data reduction was carried out using MIDAS 4 and REDUCEME 5 (Cardiel 1999) . All frames were overscan and bias subtracted, flat-fielded using dome and twilight flats and cosmic ray events were removed. For the wavelength calibration we obtained He arcs at each telescope position.
During twilight we observed standard stars drawn from the Lick/IDS (Worthey et al. 1994 ) and MILES (Sánchez-Blázquez et al. 2006c )stellar libraries, spanning a range of spectral types (see Table A1 ). Since the MILES catalogue is carefully flux-calibrated, we used these stars as spectrophotometric standards, as well as velocity templates. Finally we de-redshifted the galaxy spectra. Given the spectral resolution of σinstr ∼ 170 km s −1 and the expected galactic velocity dispersions, σ gal ∼ 50 km s −1 , it is not possible to measure the internal dispersions. A kinematic analysis is therefore beyond the scope of this paper and will be addressed in a subsequent paper (Toloba et al. 2007 ) using high-resolution spectroscopy. All galaxies have been observed with the slit along the major axis, determined from SDSS surface photometry analysis, except for VCC 0523, where we positioned the slit to simultaneously observe VCC 0522 (see Table 2 ).
Index calibration
In this paper, we work with flux-calibrated, one-dimensional spectra, obtained by summing the central 4 ′′ in each galaxy. Given the typical effective radius r eff ≈ 8 − 20 ′′ , this corresponds to about r eff /4 − r eff /10. To be able to work with the information contained in the spectra, we have determined Lick/IDS indices, allowing us easy comparisons with the literature and some stellar population models (see below). However, the reduced spectra are also available on simple request, allowing the reader to measure their own indices at their preferred spectral resolution, or to use all the available information. To measure indices in the Lick/IDS system, we broadened our spectra to the Lick/IDS resolution (∼ 8.4 − 10Å (FWHM), depending on the wavelength, see Table A2 ). Then we measure indices using the pass-bands defined in Worthey et al. (1994) and Worthey & Ottaviani (1997) . We observed standard stars from in the original Lick/IDS stellar library (Table A1 ) to determine possible systematic offsets resulting from the non-flux-calibrated response of the Lick/IDS system (Table A2 ). See Appendix A for more details on the transformation to the Lick/IDS system and Appendix B for a table with all the measured indices. In none of the galaxies in the sample do we detect [OIII] emission, thus we do not correct the Hβ absorption for possible contamination by emission. If such emission were present, it would make the measured Hβ absorption smaller, and therefore the derived ages older.
To derive ages, metallicities and abundance ratios, we use predictions of single-age, single-metallicity stellar population (or simple stellar population or SSP) models, in particular those of Thomas, Maraston & Bender (2003a) (TMB03) and Vazdekis et al. (1996) (V96), as updated in Vazdekis (1999) and Vazdekis et al. (2003) . One should keep in mind that SSPs that are based on observational stellar libraries might not be solar-scaled at every metallicity, because of the limitations of the input library. One could expect that models are solar-scaled at high metallicity because here stars in the solar neighbourhood are being used, while at low metallicity the models may be α-enhanced because low-metallicity stars in the observational library are generally somewhat α-enhanced . TMB03 tried to correct for this bias by assuming an α/Fe -metallicity relation for the abundances of the input stars. The underlying stellar isochrones in both the V96 and TMB03 models are scaled solar for all metallicities. It is instructive to see how well the results obtained using different models agree, and that the choice of model does not bias the conclusions obtained here in any way.
Comparison data
In order to compare the behaviour of dEs with that of normal Es, we use the sample of 98 early-type galaxies from Sánchez-Blázquez et al. (2006a) (2004) sample comprises 16 dE/dS0 from the VCC with mB < 15.5. Because they were looking for rotationally supported dEs, an ellipticity constraint ǫ > 0.25 was also imposed. The sample of Geha, Guhathakurta & van der Marel (2003) is also selected from the bright end of the dE population in the Virgo Cluster, spanning a range of ellipticities, and consists of 17 objects. The three dE samples span a similar range of magnitudes and there is an overlap of 4-5 galaxies between each of the samples. See Table 1 for dEs in common with our sample, and Appendix A ( Figure A2 ) for a comparison of the indices measured in the three papers. Both Geha, Guhathakurta & van der Marel (2003) and van Zee, Barton & Skillman (2004) find no statistical differences between the rotating and the non-rotating dEs. Although we will use here some preliminary results from (Toloba et al. 2007 ) to identify dEs with rotation in our sample (see Section 3.4), we postpone a detailed comparison of the rotating and non-rotating dEs to that paper.
RESULTS
The ultimate goal of our analysis is to gain insight in the star formation and assembly history of dwarf galaxies. This can be done by comparing indices, and combinations of indices, that are sensitive to age, metallicity or relative abundance of different metals. The measured values are compared to population synthesis model predictions. Comparison with SSP models gives us SSP-equivalent, or mean, luminosityweighted, ages, metallicities and abundance ratios. In the optical most of the light comes from the youngest component of the stellar population. It is important to keep this in mind in the following. A galaxy with a young age means that the galaxy formed stars until recently, but could have a very old underlying stellar population. Throughout the paper, when we talk about age, metallicity or abundance ratio, we refer to the mean, luminosity-weighted values. 
Central Lick/IDS indices
The most age-sensitive Lick/IDS indices are the hydrogen Balmer series, of which Hβ, Hγ and Hδ are measurable in our spectra. The most used metallicity-sensitive Lick/IDS indices are Mgb, Fe5270 and Fe5335, often combined as Fe = (Fe5270 + Fe5335)/2, and [MgFe] = Mgb × Fe . The Mgb index traces the metallicity as given by the α elements, whereas Fe is most sensitive to Fe. Discrepancies between the metallicity estimated by those indices are due to nonsolar [α/Fe] abundance ratios (Worthey, Faber & Gonzalez 1992) . The [MgFe] index tries to minimise the effect of the non-solar abundance ratios (especially Mg-enhancement) exhibited by normal Es (TMB03).
In Figure 1 we plot the Hβ-[MgFe] and Mgb - Figure 1 . We also plot the globular cluster systems of the giant E NGC 1407 (Cenarro et al. 2007 , red open diamonds) and the dE VCC 1087 (Beasley et al. 2006 , blue open squares). VCC 1087 is in our sample and is highlighted in blue overplotted with a yellow asterisk. At the bottom right of each panel, the magenta error bars show the mean errors for the SB06 sample, whereas the black error bars show the mean errors for the globular cluster data. Fe diagrams for our sample of dEs, together with the dEs of Geha, Guhathakurta & van der Marel (2003) and van Zee, Barton & Skillman (2004) , and the early-type massive galaxies of SB06. The dE data fall in the same region in these plots, indicating that they have similar stellar population properties-ages, metallicities and abundance ratios.
Comparing to the TMB03 models, Figure 1a shows that dEs span a wide range of ages and metallicities. Note however, that there appear to be no old, metal-rich dEs. The dEs also have more or less solar abundance ratios and some have even sub-solar abundance ratios (Figure 1b ), a fact that was already noted by van Zee, Barton & Skillman (2004) and confirmed here. In the following we leave out the other dE samples because they would make the plots too crowded, and we concentrate on the comparison between dEs and Es. Figure 1a shows that the massive Es completely fill the bottom-right part of the Hβ -[MgFe] model grid, demonstrating that they are mainly old, metal-rich systems. In the Mgb -Fe diagram ( Figure 1b ) the dEs and Es form a continuum of increasingly higher abundance ratios.
In Figure 2 we compare the observed central Hβ, Hγ and Hδ indices versus Mgb, Fe and [MgFe] indices to the V96 models. Again, while the massive early-type galaxies fill the bottom-right corner of the model grids, the dEs show a much larger spread, practically filling the rest of the grid, although the error bars are fairly large. There is almost no overlap between the dEs and the Es, but they seem to form a continuum. The Mgb values measured in normal Es fall outside the grids because of the super-solar [α/Fe] abundance ratios in these massive systems. The dEs however, fall in the same region as the model grids in both Fe and Mgb and any of the Balmer indices. Finally it should be noted that the normal Es also have different loci with respect to the model grids when looking at the Balmer indices. This reflects the influence of super-solar [α/Fe] abundance ratios on the higher-order Balmer indices (see Thomas, Maraston & Korn 2004) . The Hβ and [MgFe] indices are virtually independent on the [α/Fe] abundance ratio. Therefore we will use these indices to derive the ages and metallicities of the galaxies (unless otherwise specified, see section 3.2).
The Mgb and the Fe index are sensitive to both metallicity and [α/Fe] abundance ratio. The combination into [MgFe] makes a good metallicity estimator that is virtually independent of the [α/Fe] ratio (TMB03). The ratio Mgb/ Fe on the other hand is almost independent of the metallicity. In Figure 3 we plot Mgb/ Fe versus Hβ and [MgFe] . Unfortunately, error bars tend to explode when computing line-strength ratios, but as in Figure 1b , the Es clearly fall above any solar-scaled models, whereas the dE abundance ratios scatter around solar; some even show subsolar ratios. Again, there appears to be a continuum from Es to dEs: decreasing Mgb/ Fe (decreasing [α/Fe] abundance ratio) with increasing Hβ (decreasing age), and with decreasing [MgFe] (decreasing metallicity). It seems that, whilst for the oldest dEs there is a range of [α/Fe] ratios, all the youngest dEs (Hβ > 2.5Å) have solar or sub-solar abundance ratios.
Other metal indicators
Since different elements are produced on different timescales, element abundance ratios can potentially be used as clocks that measure the duration of the star formation in a galaxy. By comparing other metal indices to Fe , we can gain insight in the different abundance ratios on a relative scale. We do not attempt to obtain the true abundance ratios as these are always model-dependent. It is our opinion that currentday stellar population models are not capable of deriving true abundance ratios.
In Figure 4 we show CN2 versus Fe and C4668 (panels a and b respectively) as well as C4668 and Ca4227 versus Fe (panels c and d). The models plotted in Figure 4 are those of V96. We also checked with the solar-scaled TMB03 models and found that not correcting the α-enhancement (V96) has some effect at very low metallicities but it is not significant and does not change any of our results.
In Tripicco & Bell (1995) , it was established that the C4668 and Ca4227 indices are mostly sensitive to C and Ca respectively. For the CN2 index, the above paper predicts a C and N dependence which varies with stellar type. However, the observation that CN and NH features in M31 globular clusters (GCs) are enhanced with respect to Milky Way GCs, whilst the CH feature is not, supports the idea that N rather than C, is actually driving the CN2 values Burstein et al. (1984 Burstein et al. ( , 2004 .
The behaviour of N and C in the integrated spectra of stellar populations has turned out to be a promising tool to constrain not only different star formation time-scales but also the importance of different chemical enrichment processes (see Cenarro et al. 2007 , and references therein). For a more general comparing overview with other subsamples, in Figure 4 we included data for the globular cluster systems of the giant E NGC 1407 (Cenarro et al. 2007 ) and the dE VCC 1087 (Beasley et al. 2006 , with the galaxy being also in our sample). Both globular cluster data sets have been spectroscopically confirmed to be old (> 10 Gyr). Interestingly, VCC 1087 is slightly younger with an age of 7.4 Gyr (in agreement with Beasley et al. 2006 ), as will be presented in next Section.
In panels a and b, most dEs exhibit striking N underabundances with respect to Fe and C, contrary to both massive Es and extragalactic globular clusters of similar metallicity. Note however that, whilst dEs seem to match the extrapolation of the metallicity sequence of massive Es down to lower values, globular clusters clearly depart from the locus of galaxies all over the metallicity regime. Probably, primordial N enhancements in globular clusters (Meynet & Maeder 2002; Li & Burstein 2003 ) are responsible for this dichotomy. In panel c, the dichotomy between galaxies and globular cluster has washed out. Instead, from massive Es down to the low metallicity globular clusters there exists a unique sequence in the sense that [C/Fe] ratios tend to increase with the increasing metallicity. Note however that, since age differences among the subsamples exist, this trend must be considered from a qualitative point of view. In any case, it seems clear that most dEs show slightly super-solar [C/Fe] ratios-resembling massive Es-whereas globular clusters tend to exhibit either solar or even subsolar values (see Cenarro et al. 2007) .
Ca has received recent attention in the literature because of inconsistencies found for the predictions of the NIR Ca II Triplet (e.g. Cenarro et al. 2003; Michielsen et al. 2003) . Also the optical Ca4227 index exhibits unexplained behaviour (Cenarro et al. 2004) . Although Ca is an α element, we see that in Figure 4d the indices for both dEs and Es are consistent with solar [Ca/Fe] abundance ratios. This could point to a genuine Ca depletion resulting from metallicity-dependent supernova yields (Thomas, Maraston & Bender 2003b) . However, recently Prochaska, Rose & Schiavon (2005) have indicated that the CN band might be affecting the blue pseudo-continuum of the Ca line, leading to lower Ca4227 values. Therefore, giant Es, which show strong CN should also show low Ca4227 values, as observed here. The dEs on the other hand have no strong CN absorption. We therefore do not expect a CNinduced decrease in the Ca4227 index. The observed trend that dEs have solar [Ca/Fe] ratios is therefore real. In a subsequent paper we will investigate these issues in more detail, using high-resolution spectra and SSP models (Toloba et al. 2007 ).
Ages, metallicities and abundance ratios
To derive ages and metallicities from measured Hβ - [MgFe] indices, we apply a quadratic interpolation over the 9 nearest SSP model grid points (see Cardiel et al. 2003 , for a detailed description). To estimate the errors in the derived quantities we make 1000 Monte Carlo realizations using the errors on the indices and derive 1σ error contours in the agemetallicity space. These error contours are not necessarily ellipses; their exact form depends on how the index space maps into the age -metallicity space. As a conservative limit, we take the extremes of the error contour as upper and lower errors on both age and metallicity. In Table 3 we list the ages and metallicities derived using Hβ and different metallicity indicators ([MgFe], Mgb and Fe ) using the V96 models. Similarly, using the TMB03 models, we also derive the [α/Fe] abundance ratio and metallicity from the MgbFe diagrams, keeping age fixed at the age derived using Hβ - [MgFe] . The metallicities we get from both Hβ - [MgFe] and Mgb -Fe diagrams are very similar (see Table 4 ).
In Figure 5 we show the comparison of ages, metallicities and abundance ratios derived for our sample and the SB06 sample. Although the V96 models make no predictions for non-solar [α/Fe] ratios, the difference of the metallicities derived from Hβ -Mgb and Hβ -Fe diagrams correlates with the [α/Fe] ratio inferred using TMB03 models (Figure 5c , see also Yamada et al. 2006 ). In the following, we will denote this difference as [Z Mgb /Z Fe ]. The ages agree remarkably well (Figure 5a ), except for very (Figure 5c , see also de la Rosa et al. (2007)). In the following we will use the ages, metallicities and [Z Mgb /Z Fe ] derived using V96 models, but the choice of models does not alter the conclusions whatsoever. The dEs all fall inside the model grids. However, many of the Es have index measurements that lie outside the region defined by the models. In those cases, the derived ages/metallicities are extrapolations outside the model grids and should be treated with caution. For a more detailed examination of the ages and metallicities of the Es, we refer the reader to Sánchez-Blázquez et al. (2006b) .
In order to estimate the robustness of the ages and metallicities derived, we compare the behaviour of different age and metallicity indicators (Figure 6 ). The ages of the dEs, derived from different Balmer indices, are consistent, but with a slight hint that HγF overestimates the age of the dEs. The ages of the Es however, are underestimated by both HγF and HδF , a known effect of their super-solar [α/Fe] abundance ratios (Thomas, Maraston & Korn 2004 ). This effect is even more noticeable in the derived metallicities (Mgb gives higher metallicities, Fe gives lower metallicities). The metallicity of the dEs however is consistent, irrespective of the metallicity index used. Although the error bars are large, the effect of the sub-solar [α/Fe] ratio is present for the field dEs; Mgb gives slightly lower metallicities, Fe gives slightly higher metallicities.
In Figure 7 we show the derived age versus metallicity and [Z Mgb /Z Fe ], and metallicity versus [Z Mgb /Z Fe ]. Although the index -index diagrams are not completely orthogonal in age, metallicity and abundance ratio, the idea that dEs are on the whole younger and less metal-rich, and that they have lower abundance ratios than Es, is confirmed. The age -metallicity plot shows the extension of the Trager et al. (2000) age -metallicity -velocity dispersion projection. For galaxies with the same velocity dispersion, age and metallicity anti-correlate, but the lower the velocity dispersion, the lower the mean ages and metallicities. This point will be explored in greater detail in Toloba et al. (2007) when we have the velocity dispersions for our dEs.
Using the whole dE sample and the V96 model predictions, we find a mean age of 6.1 ± 3.8 Gyr and a mean metallicity of log(Z/Z⊙)= −0.60 ± 0.31. For only the Virgo sample we find an age of 6.2 ± 4.3 Gyr and a metallicity of log(Z/Z⊙)= −0.58 ± 0.28. For only the Virgo sample, and using the TMB03 models, we find a mean age of 5.9 ± 4.0 Gyr and mean metallicity of log(Z/Z⊙)= −0.38 ± 0.24, in very good agreement with the results of Geha, Guhathakurta & van der Marel (2003) . They find, for a sample of 17 Virgo Cluster dEs and also using TMB03 models, a mean age of 5 ± 2 Gyr and mean metallicity of log(Z/Z⊙)= −0.3 ± 0.1, respectively.
Although the mean age found for our dE sample does not change much if we include or exclude the field dEs, it is interesting to see that none of the field dEs has an age larger than 8 Gyr. On the other hand, there are also no field dEs younger than 3 Gyr, while some Virgo dEs are as young as 2 Gyr. As a statistical comparison, we use the onedimensional Kolmogorov-Smirnov (K-S) test. This test gives the probability (PKS) that the difference between two distributions would be as large as observed if they had been drawn from the same population, and works well even for small samples. We have to take into account that age, metallicity and abundance ratios are determined from the Hβ, Mgb and Fe index data sets. The derived quantities are obviously correlated because the model grids are not orthogonal in the index space. Therefore we perform the K-S test on the measured indices rather than on the derived quantities. We find for the Hβ, Mgb and Fe distributions a PKS value of 0.68, 0.96 and 0.52, respectively. Therefore we cannot rule out that the indices of field and Virgo dEs have the same distribution.
In Figure 8 we show MB versus age, metallicity and [Z Mgb /Z Fe ] for the galaxies in our sample and those in the sample from SB06 with MB available in HYPERLEDA (Table 1 in SB06). There is a clear correlation between MB and age, metallicity and abundance ratio. In all cases, dEs form the low-mass tail of the correlations for Es. In age, the dEs are generally younger than the Es. In metallicity, the dEs extend the luminosity-metallicity relation towards lower luminosities. Finally, the dEs have lower abundance ratios than the massive Es.
The high-metallicity dE is VCC 1947, which is known to rotate. This could be evidence that VCC 1947 stems from a harassed, more massive spiral. However, this dE has also been observed by Geha, Guhathakurta & van der Marel (2003) who find a lower metallicity, so we should be careful with this galaxy. Moreover, other rotationally supported dEs in our sample, such as VCC 397 and VCC 1122, or VCC 856 which has a spiral structure, do not show such a high metallicity.
Stellar light distributions
Using the SDSS g-band images, we analyse the structural parameters of the galaxies in our sample. The concentration (C), large-scale asymmetry (A) and clumpiness (S), are three model-independent parameters that can be used to quantify a galaxy's structural appearance (Conselice 2003) .
The CAS parameters have a well-defined range of values and are computed using simple techniques. The concentration index is the logarithm of the ratio of the radius containing 80% of the light in a galaxy to the radius which contains 20% of the light (Conselice, Bershady, & Jangren 2000) . The range in C values is found from 2 to 5, with higher C values for more concentrated galaxies, such as massive early types. The asymmetry is measured by rotating a galaxy's image by 180 deg and subtracting this rotated image from the original galaxy's image. The residuals of this subtraction are compared with the original galaxy's flux to obtain a ratio of asymmetric light. The radii and centering involved in this computation are well-defined and explained in (Conselice, Bershady, & Jangren 2000) . The asymmetry ranges from 0 to ∼ 1 with merging galaxies typically found at A > 0.35. The clumpiness is defined in a similar way to the asymmetry, except that the amount of light in high frequency 'clumps' is compared to the galaxy's total light (Conselice 2003) . The S values range from 0 to > 2, with most star forming galaxies have S > 0.3.
In Figure 9 , we show the values for C, A and S measured on the whole sample (see also Table 5 ). The range adopted for the C, A and S plots span the range measured for different galaxy types, taken from Table 6 of Conselice (2003) . The dEs in the sample used in that work have lower luminosities (MB = −14.2±0.9) than the dEs in our sample (MB = −16.9 ± 0.9). The locus of our dEs coincides with what one expects for these (by selection), smooth, symmetric, diffuse galaxies, in-between the early-type Es/S0s and the fainter dEs studied in Conselice (2003) . A Spearman rank-order test on the whole sample showed that no significant correlations exist between the C, A or S parameters. However, the errors for the field dEs, especially for clumpiness (S) are quite large. Using only the Virgo dEs, a correlation between concentration (C) and clumpiness (S) exists at the 97.5% confidence level.
We find that the field dEs we have selected are either more concentrated or less concentrated than the Virgo dEs. This might be a result of the difficulty in finding dEs in the field, favouring quite compact or very diffuse systems to be selected. The K-S test yields that the probability that C follows the same distribution for field and Virgo dEs is 1% (PKS = 0.01), thus the field and Virgo dEs have a significantly different distribution in concentration. For A and S, PKS gives 0.52 and 0.13, respectively, so we cannot definitely say they are drawn from a different distribution.
In Figure 10 , we show C, A and S as a function of age, metallicity and [Z Mgb /Z Fe ]. Here, a Spearman rank-order Figure 9 . Structural parameters (C, A and S, see text) for the dEs in our sample. Cyan-filled symbols are field dEs, solid symbols are Virgo dEs. The locus of different galaxy types are indicated. Note the selection effects on the field dEs. We either select quite diffuse or quite concentrated galaxies.
test reveals that there exists a significant (anti)correlation between age and large-scale asymmetry (A), at the 97.5% confidence level using only the Virgo data, and better than 99% using the whole sample. Since A measures the largescale or bulk asymmetry, it appears that at the same time star formation was switched off, the galaxy also received a dynamical disturbance leaving an imprint in the large-scale structure of that galaxy, consistent with a scenario that the young dEs have only recently fallen into the cluster. Using only the Virgo sample, it seems there are anti-correlations between concentration C and metallicity (>95%), and between concentration C and [Z Mgb /Z Fe ] (>97.5%). We also find that for the Virgo galaxies, the concentration parameter C also anti-correlates with MB. Thus, the found anti-correlations with C can be traced back to the mass -metallicity and mass -[Z Mgb /Z Fe ] relations. These correlations are in accordance with the findings of Vazdekis, Trujillo & Yamada (2004) , who demonstrated that [Mg/Fe] correlates stronger with Sérsic-n than metallicity. Like these authors, we also find that the correlation with metallicity as estimated by Mgb is stronger, while it disappears if metallicity estimated by Fe is used. We will investigate this matter in more detail in subsequent papers, using photometric and kinematical data.
Finally, because the dEs are selected to be nonstarforming systems, and the clumpiness parameter S correlates very well with the Hα emission, we expect all our dEs to be smooth and to not show a large variation in S.
The Virgo sample
In Figure 11 , we plot the measured C, A and S parameters, the measured Hβ, [MgFe] and Mgb/ Fe indices and the derived ages, metallicities and [Z Mgb /Z Fe ] versus the projected Virgocentric distance (we take M87 as the cluster centre). The Spearman rank-order test suggests a trend between R and A (better than 90%). The R − A trend indicates the effect of the cluster on the dynamical state of dEs. Also age, and to a lesser extent, [Z Mgb /Z Fe ] are correlated with the distance to the cluster centre. The Spearman rank-order significance for the R -log(age) correlation is better than 97.5%. The young dEs lie towards the outskirts of the cluster, and old dEs towards the centre. Although the Spearman rank-order test gives low significance to an R -[Z Mgb /Z Fe ] correlation, it seems that the dEs with higher abundance ratio are located in the central 3 degrees (this is a consequence of the age -[Z Mgb /Z Fe ] correlation).
We also indicate in Figure 11 those dEs that have blue nuclei , disk or spiral structures (certain and probable disks from Lisker, Grebel & Binggeli 2006) and rotation (Geha, Guhathakurta & van der Marel 2003; van Zee, Barton & Skillman 2004; Toloba et al. 2007 ). The fraction of such dEs with residual structure decreases in the centre of the cluster (less than 2 degrees away from M87), again indicating the impact of the environment on those low-mass systems.
DISCUSSION
Field and Virgo dEs
This is the first dE study to include a detailed investigation of field systems. It is notoriously difficult to find field nonstarforming dwarfs, which in itself already reveals the importance of the environment to stop star formation, at least in low-mass objects. Except for ID 872, which is a quite faint dE, the field sample has similar absolute blue magnitudes as The only significant correlation is between log(age) and asymmetry A, indicating a connection between the dynamical state of the galaxy and its age.
the Virgo dEs, so we are probing a similar mass range. Although the sample selection was mostly based on colour cuts, the analysis of the light distributions (Section 3.3) reveals that the field galaxies selected have a different concentration distribution than the Virgo dEs, being either more extended or more compact than the Virgo cluster dEs of which all but two are nucleated.
Although our field sample is small (only 5 galaxies) there appear to be no systematic differences between the Lick indices or the ages, metallicities and abundance ratios for the Virgo and the field samples. The K-S test cannot rule out that the samples are drawn from the same population. Having said that, none of the field dEs has a luminosityweighted age larger than 8 Gyr, whereas the some of Virgo dEs have ages up to 18 Gyr. One could argue that also none of the field dEs is older then 3 Gyr, while some Virgo dEs are as young as 2 Gyr. Although the field sample suffers from poor statistics on both sides, the sample selection based on finding red objects should be biased towards old systems. Moreover, we found that three of the field dEs in the original sample are apparently still actively starforming.
It seems that by selecting red, smooth dwarf galaxies (dEs), we are automatically selecting galaxies with the same properties. It would be interesting to study the properties of dwarf galaxies irrespective of classification, as a function of environment. Given that dEs span such a large range in ages, and dIrrs are still starforming, and given that optical magnitudes are sensitive to age, it seems that selection should better be done on the near-infrared magnitudes in order to study connections between different populations of dwarf galaxies. Indeed, the H-band surface brightness profiles of peculiar dEs and dIrrs appear to be indistinguishable , and optical structural parameters for dEs and dIrrs are quite similar as well Figure 11 . Structural parameters (C, A and S), measured Hβ, [MgFe] and Mgb/ Fe indices, and derived ages, metallicity and [Z Mgb /Z Fe ] versus the projected Virgocentric distance (R, in degrees). The symbols with a cyan centre are dEs with a blue nucleus . Those with a red horizontal bar are dEs in which disk or spiral structures have been found (certain and probable disks from Lisker, Grebel & Binggeli 2006) . Finally the stars highlight those dEs with known rotation (Geha, Guhathakurta & van der Marel 2003; van Zee, Barton & Skillman 2004; Toloba et al. 2007 ).
(van Zee, Barton & Skillman 2004) . In subsequent papers from the MAGPOP-ITP we will address this issue; see also Boselli et al. (2007) .
The evolution of dEs
Internal mechanisms
From this and previous studies, it is becoming clear that not all dEs are old, primordial objects, and that some of them formed stars until auite recently (∼ 2 Gyr ago).
It appears that, like for late-type galaxies , the star formation history of quiescent galaxies is a function of mass. Massive early-type galaxies form early and on short time-scales (with high star formation efficiency), whereas less massive early-type galaxies have more extended star formation histories (lower star formation efficiency), leading to (sub-)solar [α/Fe] abundance ratios and young luminosity-weighted ages. This dependence of star formation duration and star formation efficiency on mass is reproduced in detailed N-body/SPH simulations of isolated galaxies (Carraro et al. 2001) .
A dwarf galaxy will only be classified as a dE once it stops star formation either through exhausting its gas, or through blowing it out in a galactic wind. Galactic winds, if present, are probably not efficient in blowing away all the gas, even from low-mass objects (Mac Low & Ferrara 1999) . They may however, preferentially blow away the ejecta from supernova type II, which are linked to the sites of star formation and therefore occur quite concentrated in space and time, while the ejecta from supernova type Ia are mixed into the interstellar medium more easily as they occur only sporadically (e.g. Vader 1986 ). This could account for the subsolar abundance ratios observed in some of the dEs. Abundance ratios for starforming dwarfs are unfortunately not yet available. In starforming systems optical emission lines are present, making the analysis of the underlying stellar populations difficult. However it seems that the same trends with mass are also found for late-type spirals, with lower [α/Fe] abundance ratios for later Hubble types (Ganda et al. 2007 ).
External mechanisms
The observed correlation between age and Virgocentric distance indicates that environment also plays an important role in the evolution of dwarf galaxies. Similar trends of age and also [α/Fe] were observed by Smith et al. (2006) , who point out that: "Further progress in this area will be driven by improved spectroscopic observations of faint cluster members, which appear to exhibit stronger signatures of later accretion."
Simulations predict that gas removal by ram pressure stripping in an intragroup or intracluster medium is very efficient, and proceeds in a few 100 Myr, even in low-density group environments (Mori & Burkert 2000; Marcolini, Brighenti & D'Ercole 2003) . The morphological transformation of a disk or irregular galaxy into a more spheroidal, relaxed dE through interactions with other galaxies and the cluster potential may take longer, up to a few Gyr (Moore, Lake & Katz 1998) . Both these environmental effects would leave their imprint on the galaxies, either in their stellar populations because the star formation is stopped earlier than in an isolated environment, or in their stellar light distributions if the interaction has a dynamical effect.
Using our results, we can disentangle the effect of the two mechanisms at work. The correlation of age with Virgocentric distance, and the fact that very few genuine intermediate-type dE/dIrr galaxies exist, points to rapid loss of gas and subsequent truncation of the star formation once a dwarf galaxy enters the cluster. The correlation of age and bulk asymmetry shows the morphological transformation at work in galaxies that already stopped star formation some time ago. The dependency of asymmetry on Virgocentric distance might be less strong than the correlation with age because it can take several cluster crossing times 6 to complete the morphological transformation. This is corroborated by the fact that Virgo dEs with blue nuclei, residual disks, rotation, etc. (see Figure 11 ), tend to lie at larger radii. The spatial distribution of such 'special' dEs appears to be consistent with that of star forming dwarfs (Lisker et al. 2007) , pointing towards an ongoing infall and transformation of star forming dwarfs into quiescent dEs in the Virgo cluster. Given the continuous change of age with Virgocentric distance, and the fact that all but two of the Virgo dEs are nucleated and relatively bright, it seems that 'normal' and 'special' dEs are not two subclasses but rather form a continuum of increasingly older and more relaxed galaxies as they have spend more time in the cluster.
So if star formation is stopped by ram pressure stripping, why did field dE stop forming stars? We may see the field dEs in a quiescent stage of their life. Observations of the Local Group dEs reveal that their star formation history is episodic with gaps of up to a few Gyr (e.g. Grebel, Gallagher & Harbeck 2003) . Studies of HI find that gas-rich dEs, which are mainly located in the outskirts of clusters and in groups, have gas mass fractions comparable to those of star forming galaxies (Conselice et al. 2003b; Buyle et al. 2005; Bouchard et al. 2005) . Some of these dEs even show evidence of ongoing star-formation at a very low rate (De Rijcke et al. 2003b; Michielsen et al. 2004) . Radio observations of the neutral gas content of the field dEs would be a valuable test of this idea.
CONCLUSIONS
By analysing the stellar populations of a sample of 18 dEs in the Virgo cluster and 5 field dEs + M 32 we discover a relationship between the ages of the stellar populations in dwarfs, their environment and structure. Our results can be summarised as follows:
• Unlike massive Es, the [α/Fe] abundance ratios of dEs scatter around solar, some have even sub-solar abundance ratios. This points to an extended or burst-like star formation history in dEs, similar to what is found in the Local Group dEs. Interestingly, dEs also exhibit different C and N abundance ratios than massive Es and globular clusters.
• On average, dEs are younger and less metal-rich than more massive Es, in accordance with the 'downsizing' scenario.
• Although our sample of field dEs is small, there is no statistical evidence that the distribution in age, metallicity or abundance ratio is different from the Virgo sample. This implies that the chemical evolution of dEs is an internally governed process of slow self-enrichment. However, preliminary truncation of the star formation by a hostile environment can stop this process.
• There are no very old field dEs, and we find that age is correlated with projected distance to the Virgo Cluster centre, indicating that the cluster environment plays an important role in the evolution of dEs through the truncation of star formation, probably via ram pressure stripping.
• From the analysis of the structural parameters of the dEs, we show that the (mean, luminosity-weighted) age and the bulk asymmetry are correlated. The younger dEs show higher internal bulk large-scale distortions. If dEs stem from a progenitor population of star forming irregular or disk galaxies that quickly stopped star formation after entering the cluster environment through ram-pressure stripping and subsequent slow transformation to more spheroidal objects through harassment, we indeed expect those dEs that fell in early to be more relaxed and symmetric than those that were accreted more recently.
In subsequent papers from the MAGPOP-ITP, we will investigate the kinematics of this sample to compare their stellar versus dynamical mass-to-light ratios and their place in the fundamental plane (Toloba et al. 2007 ).
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APPENDIX B: LICK/IDS INDICES
In Table B1 we list, for all the galaxies, the indices measured and their errors. The indices are transformed to the Lick/IDS system using the offsets in Table A2 . 
